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..each stick has two ends

however, they cannot exist
independently from each other
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...back to the roots – 1977
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Learning the Taoism of Physics

FK+HS,
On The Thermodynamics
of Extended Hadrons,
PR D21 (1980) 1168

FK+HS,
On The Thermodynamics
of Confined Quarks,
PR D22 (1980) 480
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The 1980 quantum jump
M. Creutz, Phys. Rev. D21 (1980) 2308

lattice size: 104

number of iterations O(30) !!

..equilibration is essentially complete

after 20 iterations. !!!
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Analyzing hot and dense matter on
THE LATTICE

1/T =Nτ

1/3
σV =N

a

a

a

Quantum Chromo Dynamics

partition function: Z(V , T , µ) =

∫
DADψDψ̄ e−SE

SE =

∫
1/T

0

dx0

∫
V

d3x LE(A, ψ, ψ̄, µ)

temperature volume chemical potential

1/T =Nτ

1/3
σV =N

a

a

a

TR440: 800KFlops

1980/81
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Phys. Rev. D34 (1986) 3193 Phys. Lett. B178 (1986) 416
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Deconfinement ⇒ screening
⇒ quarkonium suppression

The Matsui-Satz argument (1986):

deconfinement ⇒ screening
⇒ no heavy quark bound states in a QGP
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 0.0  0.2  0.4  0.6  0.8  1.0

rσ1/2

V(r)/σ1/2 

bound state, e.g. J/ψ

confined
deconfined

Vq̄q(r, T ) → ∞ confinement

Vq̄q(r, T ) < ∞ deconfinement

J/ψ suppression

heavy qq̄-pairs are rare states in a QGP
⇒ dissolved pairs never recombine
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EoS and Charmonium Suppression
F. Karsch, D. Kharzeev, H. Satz, hep-ph/0512239.
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S(J/ψ)

ε[Gev/fm3]

J/ψ In-In
J/ψ Pb-Pb

0.6+0.4ψ’ Pb-Pb

charmonium yield (SPS)

from centrality (or b) to energy
density (ε) using Bjorken
formula

data consistent with
no direct J/ψ suppression;
only missing feed-down from χc

Where does direct J/ψ
suppression set in? ⇒ HIC

Where should direct J/ψ
suppression set in? ⇒ LGT

relate Tdiss/Tc to energy den-
sity using lattice EoS

need LGT calculations of charmonium states
at finite temperature

Can we reach a consistent (LGT vs. HIC) picture for
heavy quark bound state properties at high temperature ?
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Thermodynamics on
QCDOC and apeNEXT

US/RBRC QCDOC
20.000.000.000.000 ops/sec

today: 2.4 TFlops

BI – apeNEXT
5.000.000.000.000 ops/sec

∼ 8 TFlops (peak)

for QCD-Thermodynamics

••
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A new determination of Tc
(2+1)-flavor QCD with a physical strange quark mass and ”almost”
physical light quarks (mπ ' 200 MeV)

(2+1)-flavor QCD calculation of critical couplings for several quark
masses and lattice sizes (Nτ = 4, 6.., Nσ = 8, 16, 32)
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to get error on Tc below 5%
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163x6

critical couplings from maxima
of ψ̄ψ and L-susceptibilities

reached small quark masses:
mPS/mV ' 0.2

achieved high statistics:
up to 40.000 traj. per β-value

control over volume
(Nσ = (8 − 32))
cut-off (Nτ = 4, 6) and
quark mass dependence

J/ψ@BNL 2006, F. Karsch – p.13/17



A new determination of Tc
(2+1)-flavor QCD with a physical strange quark mass and ”almost”
physical light quarks (mπ ' 200 MeV)

(2+1)-flavor QCD calculation of critical couplings for several quark
masses and lattice sizes (Nτ = 4, 6.., Nσ = 8, 16, 32)

30.0
27.5
25.0
22.5
20.0
17.5
15.0
12.5
10.0
7.5
5.0
2.5
0.0

 3.22  3.24  3.26  3.28  3.3  3.32  3.34  3.36  3.38  3.4  3.42

5.0
2.5
0.0β

mq=0.05 ms
mq=0.10 ms
mq=0.20 ms
mq=0.40 ms

 10

 15

 20

 25

 30

 35

 40

 45

 50

 55

 3.22  3.24  3.26  3.28  3.3  3.32  3.34  3.36  3.38  3.4  3.42

β

mq=0.05 ms
mq=0.10 ms
mq=0.20 ms
mq=0.40 ms

want to achieve ∆βc<∼0.01

to get error on Tc below 5%

83 × 4 : mq = 0.1ms = 0.0065

βc(plaq) = 3.313(3)

βc(L) = 3.322(4)

βc(ψ̄ψ) = 3.317(2) 3.2

 3.3

 3.4

 3.5

 3.6

 3.7

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8

mq/T

βc

p4fat3, nf=3, 163x4

163x6
 nf=2+1, 83x4

163x6

critical couplings from maxima
of ψ̄ψ and L-susceptibilities

reached small quark masses:
mP S/mV ' 0.2

achieved high statistics:
up to 40.000 traj. per β-value

control over volume
(Nσ = (8 − 32))
cut-off (Nτ = 4, 6) and
quark mass dependence

J/ψ@BNL 2006, F. Karsch – p.13/17



⇒ r0Tc, Tc/
√
σ

determine scale from potential calculations at βc for Nτ = 4 and 6

on 16
3
× 32 lattices

extrapolate to chiral and continuum limit

(r0Tc)Nτ
= (r0Tc)cont. + bmPSr0 + c/N2
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⇒ r0Tc = 0.431(8) , Tc/
√
σ = 0.385(10)

use r0 = 0.462(11)(4) fm, r0
√
σ ' 1.12 to convert to physical values

⇒ Tc ' 180 MeV for mq = 0

preliminary!
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...we learned our lesson

..each stick has two ends...

dissolution is the
solution!!
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Thank you

– for showing me the right end of the stick
– for introducing me to Lattice Gauge Theory

– and for teaching me all you knew about computational physics
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Finally

– In case, you get tired of Bielefeld,...

– there exist places in New York that look (almost) like Hoberge-Uerentrup

Uncommon places - America, Stephen Shore
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